Objective. To determine the inter-rater reliability of the Institute for Healthcare Improvement's Global Trigger Tool (GTT) in a practice setting, and explore the value of individual triggers.
Introduction
Attempts to address the growing costs of health care in the USA have brought increased attention to the issue of safety in medical care, with policies aimed at reducing hospital complications, readmissions and adverse events. Actions have been taken by the Center for Medicare and Medicaid Systems to eliminate payment for selected hospital acquired conditions [1] , while some states require that providers publicly report the incidence of the National Quality Forum's list of 28 'never' events [2] . Patient safety advocates have stressed that identifying and reporting adverse events with harm rather than all errors in care would lead to safer environments for patients [3] .
In December 2006, the Institute for Healthcare Improvement (IHI) leadership announced the '5-million lives campaign' to foster prevention of adverse events. More than 70% of US hospitals committed to active participation, including regular measurement and transparent reporting of their institution's adverse event rates [5] . Voluntary reporting is known to undercount the number of hospital adverse events [6] . Therefore, IHI Global Trigger Tool (GTT) was developed to provide a measurement tool to determine the degree of campaign success. While many hospitals in the USA are employing the GTT, there is a dearth of data regarding actual utility of this tool. The GTT appears to identify more events than other methods, but requires substantial manual effort. Using a combination of Agency for Healthcare Research and Quality (AHRQ) Patient Safety Indicators (PSI) and provider-reported events, we reported that 4% of hospital discharges had adverse events. However, when using the GTT on a sample of discharges, over 27% had adverse events [7] .
In this study, we set out to evaluate three aspects of utility for the GTT: (1) inter-rater reliability for identifying triggers and adverse events in large academic institutions in geographically distinct areas of the country using the published IHI GTT methodology [8, 9] ; (2) frequency of trigger identifications and (3) the predictive ability of the individual triggers to identify adverse events. Academic hospitals of Mayo Clinic in Arizona, Florida and Minnesota were included in this assessment. The project primarily involved physician and nurse reviewer efforts with additional support from research and information technology.
Methods

Setting
Mayo Clinic, existing in three main practices: Rochester MN, Scottsdale AZ and Jacksonville FL, is a large multispecialty academic health care institution which provides primary care, specialty and subspecialty care, including hospital services, to large patient populations in three geographic regions as well as to nationally and internationally referred patients. This research was approved by the Institutional Review Board covering all three study sites.
Study population
Every 2 weeks at each of the three practices, 10 hospitalized patients were randomly selected utilizing electronic administrative databases. Only patients with complete charts (discharge summaries and coding completed) who had been discharged in the previous 14 days were eligible. Inpatient admissions were included from the psychiatric, physical rehabilitation, obstetric, general medical, specialty and surgical units. Pediatric patients were not included.
Study procedures
A brief review of the medical records of the sampled patients, lasting no more than 20 min, was conducted independently by each of two trained nurses available from a dedicated pool, for the presence of any of 55 'triggers' using the IHI GTT [9] . The GTT review form is attached as Appendix [10] . For the purposes of this study, 'triggers' were defined as sentinel conditions believed to be associated with the occurrence of an adverse event. The identification of a 'trigger' by each of the nurse reviewers led to a further, more exhaustive review of the care delivery near the time the 'trigger' occurred. The occurrence of an adverse event was determined and in cases where an adverse event was identified, the level of harm to the patient was assessed. A physician reconciled the independently recorded triggers and adverse events by each nurse, after assessing the presence of the identified triggers, occurrence of adverse events and the level of harm.
An example of the use of one such trigger is the presence in the patient's chart of an international normalized ratio (INR) greater than 6, which might indicate a blood clotting abnormality. Further review is then performed to determine whether this condition is caused by improper anticoagulation management or by disease progression.
Complete results for chart reviews by two nurse reviewers and a final reconciliation including a physician were required for inclusion in the study. The reviews began in August 2004 and ended in March 2008. The first 5 months of reviews were treated as training cases to establish a working process for ongoing reviews. At two of the three sites reviews were captured for inclusion in the study for an approximate 2-year time period between August 2005 and September 2007. For the third site, reviews were captured between August 2006 and September 2007. Analysis included over five hundred cases at each of two sites and less than two hundred at the third.
Adverse events and harm
The IHI GTT detects adverse events defined as harm to the patient as a result of medical diagnosis or therapeutics, irrespective of error or preventability. Adverse outcomes caused solely by underlying disease or by the intended consequences of treatment were not considered adverse events. Each adverse event was categorized for harm to the patient according to the National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) categories [11] . The NCC MERP categories range from A (near miss, no event) to I (adverse event directly contributed to death). For the purposes of this study, we were concerned only with events categorized as E or higher. (See Appendix 2 for definitions of each level of harm.)
Data sources
The data used in this study came from reviews of medical records collected through two main sources: (1) a decision support system (DSS) used to provide demographic, diagnosis and procedure information for each patient hospitalization and (2) a specifically designed web-based data capture tool (Mayo Global Trigger Toolkit) developed not only to allow the uniform collection of data between each of the three sites, but also to streamline the review workflow, reconciliation process and data capture of all evaluations performed by reviewers. 'Cases selected for review were identified for each 2-week period from the DSS.'
Statistical analysis
The unit of analysis for this study was the patient hospitalization. The Cohen Kappa coefficient was used as a measure of inter-rater agreement for all of three groups consisting of each of the nurse reviewers, both with each other and with a physician reviewer. Agreement between reviewers on the presence of a trigger was defined in one of two ways: (1) either both reviewers indicate the presence of the trigger event during their independent review of the patient's chart or (2) both reviewers fail to indicate the presence of the trigger event. All else was considered disagreement. Similarly, agreement on events was considered present if both reviewers determined either: (1) one or more adverse events occurred or (2) no adverse events occurred. Agreement on harm to the patient was determined at the granular level of NCC MERP categories E through I and was considered agreement when both reviewers indicated the same category of harm. In cases with multiple events per hospitalization, the highest level of harm for any of the events was utilized in the analysis.
Kappa statistics were calculated for two-level categorical data (Yes, No) for detection of 'triggers' and adverse events, and weighted Kappa, with weights for degree of disagreement for five-level data (E-I) for level of harm caused by adverse events. Similar analyses were performed overall and for each of the three institutions. It was believed that the same pairs of reviewers would increase consistency in the analysis of agreement between each of the nurse reviewers and the physician reviewer. It was possible, due to low staff turnover and high review volume per reviewer, to designate specific groups of reviewers as reviewer one and reviewer two at one site. This method was impossible in the other two sites due to budget and staffing constraints. At these sites reviewers one and two for each case were based alphabetically on reviewer identification.
Results
Out of 1138 randomly chosen cases from three distinct geographical areas of the country, 307 (27.0%) hospital stays were identified with adverse events after the final review. 
Frequency of trigger identification
When comparing the triggers themselves, the frequency of individual trigger selection by reviewers varied substantially with some triggers being relatively common ('anti-emetic use' was identified by at least one reviewer on 364 (32.0%) cases), while other triggers were quite rare. 'Change in anesthetic during surgery', 'intra-op or post-op death', 'maternal/ neonatal transport/transfer' and 'pathology report normal or unrelated to diagnosis' were never identified. Additionally, the yield, or the positive predictive value, of individual triggers (the rate at which a trigger was associated with an adverse event) varied. For triggers identified on at least 20 cases, the trigger with the highest yield was 'Return to surgery', where 80.6% of cases with the trigger had an adverse event, while 'X-ray intra-op or in PACU' was identified on 145 cases overall but was associated with only 37 (25.5%) cases with an adverse event. Table 1 provides the frequency and yield for the triggers with 15 or more occurrences. Of the 18 triggers seen from 1 to 14 times, pneumonia onset (11 out of 13), INR greater than 6 (7 out of 11), in-hospital stroke (3 out of 4) and removal/injury or repair of organ (3 out of 4) had positive predictive values greater than 63%.
Association between triggers, adverse events and level of harm
The average raw number of triggers identified per case was higher for those who suffered an adverse event. A total of 3361 unique triggers were identified in the 1138 cases of this study. A total of 1465 (43.6%) of these were identified in the 307 (27.0%) cases with an adverse event. More than 15% of cases with an adverse event had more than seven unique triggers identified versus less than 1% of cases with more than seven triggers among those with no adverse event. In addition, more than a quarter of cases with no adverse event had zero triggers. The mean number of uniquely identified triggers per case with at least one adverse event was 4.7 (median 4) versus cases with no adverse event having a mean of 1.8 (median 1) uniquely identified triggers (P , 0.001). This relationship between the presence of more triggers among cases with adverse events was observed overall for all sites collectively (Table 2) , as well as in each site independently.
Of the 307 cases with adverse events, 156 (50.8%) were categorized with E level harm according to the NCC MERP Index for Categorizing Medical Errors. E level harm is classified for events that result in temporary harm that require intervention. A further 126 (41.0%) cases were categorized with F level harm (temporary harm which required hospitalization) and the remaining 25 (8.1%) cases were distributed among G, H and I levels of harm (events that result in permanent harm, require intervention to sustain life and result in death, respectively). Events with E level harm had a mean of 3.75 (median 3) uniquely identified triggers per case, whereas events with F and G or higher levels of harm had a mean 4.83 (median 4) and a mean 10.00 (median 9), respectively, further demonstrating the trend noted above of cases with greater adversity having more triggers.
Inter-rater reliability Table 3 provides the level of agreement between nurses on the presence of any trigger and the agreement between all reviewers on the presence of an adverse event, both overall and by site. Agreement between nurses was good on both triggers and adverse events with the mean Kappa ranging across sites from 0.53 to 0.73 for triggers and from 0. (Table 4) In the subset of cases where both reviewers of each pair of reviewers agreed that there was an event and that there was some at least temporary harm to the patient (NCC MERP Category E harm), agreement on the level of harm to the patient varied. Harm was grouped into three categories as noted above: E, F, G and higher harm. Between nurse reviewers the agreement was low across sites with the Kappa ranging from 0.26 (95%CI: 20.09, 0.62, N ¼ 26) to 
Discussion
The GTT was originally developed to provide an easy-to-use method for accurately identifying adverse events (harm) and measuring the rate of adverse events over time [5] . In our experience with the GTT across three geographically disperse locations for up to a 3-year time frame, good levels of reliability were obtained at the case-level between independent nurse reviewers for both the occurrence of any trigger and the identification of an adverse event. The agreement between nurses and a physician reviewer was very good (Kappa ¼ 0.70 95% CI: 0.66, 0.76); however, the physician review was based on the nurse's findings rather than an independent review of the medical record. This level of agreement seen in practice at the three sites over 3 years was actually higher than that reported by reviewers involved with the IHI using records for standardized training, where the Kappa statistics between primary reviewers and physician viewers ranged from 0.35 to 0.60 on their testing records [9] . Interestingly, the good level of agreement in our study persisted even at the site when the reviews were done by a large group of rotating float nurses. With a change in the process to a smaller dedicated group of nurse reviewers, there was only a slight change in the level of agreement between the two groups. Nurse reviewer agreement for individual triggers was much more varied with the Kappa coefficient ranging from a high of 0.90 (95% CI: 0.76, 1.00) for the INR . 6 to a low of 20.02 (95% CI: 20.03, 2 0.02) for other medication issues. The latter is a generic write-in field allowing nurses to add anything else they may have found related to medications. Higher agreement appears to occur among triggers that are objective and consistently recorded in selected portions of the medical record, such as laboratory values, medications given by nurses on the floor and blood products. While triggers with lower agreement tend to be more subjective (over-sedation or procedure complication), harder to detect within a time-limited review (abrupt medication stop or readmission to the emergency department) or recorded in different locations (use of epinephrine/norepinephrine during surgery found in the anesthesia record rather than the medication administration record).
Individual triggers also varied on their yield to detect adverse events. Some triggers were associated with adverse events over 70% of the time (mechanical ventilation over 24 h), while other triggers, although frequent, were not associated with the occurrence of adverse events (use of anti-emetics). The performance of individual triggers is not a focus of the GTT. In fact, due to the likelihood of multiple triggers on cases with adverse events, the GTT may not be affected by the variability of detecting individual triggers. However, to be effectively used as a screen to detect adverse events in an automated fashion, electronic triggers should have high yields with relatively few false positives.
There have been a few reports of use of portions of the total IHI GTT [8, 12] or other adverse event screening efforts [13] Using a computer screening of free text discharge summaries to look for 'trigger words' representing adverse events, Murff et al. [14] found almost 60% of discharges included trigger words, but after a review of medical records, only 45% of trigger words indicated an event. A similar tool used by Brennan et al. [15] resulted in a positive predictive value of 21% after the physician reviewer. These tools were able to increase the number of potential problems identified over voluntary reporting; however, too many false positives make currently published e-tools infeasible for routine screening.
As evidence of the latter, Bates et al. [13] published an evaluation at one hospital over a 4-month period of the 18 criteria which have been used for screening medical records in the Harvard studies to assess the occurrence of adverse events in hospitals. They found that positive predictive values ranged from 15% for hospital readmission to 78% for treatment criteria because of damage subsequent to an invasive procedure. Furthermore, they were able to improve specificity by evaluating combinations of criteria. Szekendi et al. [16] reviewed 493 triggers among 327 hospital discharges in a 3-month period at one hospital and found that the percent of triggers with adverse events identified upon review ranged from less than 10% for four triggers to over 95% for elevated INR values. This study also identified the variable positive predictive value of individual triggers for predicting adverse events.
The GTT appears to identify more events than some other methods. Among 235 randomly selected hospital patients reviewed with the GTT, while 65 (27.7%) discharges had an event with the GTT, only 11 had provider-reported events with harm and three had AHRQ PSI. Additionally, only three discharges had provider-reported events or PSI not found by GTT [7] . A further refinement of the tool may produce a higher yield of adverse event identification and possibly save time in performing the review by allowing it to become more focused. The current methodology involves a random review of completed charts to identify any of the 55 triggers. This study demonstrates that certain triggers are more closely associated with adverse events than others. Rather than a random review of charts, a more focused review on charts known to contain the triggers with high yield (outcomes) could provide greater insight into potential problems with the delivery of care ( processes). Developing an automated way to identify triggers combined with chart review would facilitate not only the identification of adverse events, but also permit nurse and physician reviewers to focus on the potential cause of the event rather than the identification of the event itself. Approximately 13% of cases with one identified trigger had an adverse event; the percentage of cases with adverse events increased to 28% with two identified triggers. In general, the more the identified triggers, the greater the number and harm of adverse events. This additional finding indicating a relationship between the
presence of more triggers among cases with adverse events requires further research to determine if certain combinations of triggers are more likely to identify an event.
Our study has several potential limitations. The study was performed only at academic hospitals. Generalizations from our study may not apply to community hospitals or other institutions. However, the study was performed by independent teams of reviewers at three hospitals in the Midwest, Southeast and Southwest parts of the USA. Although our medical record review process used two nurses, each case was only reviewed by one physician. Other physicians may have disagreed with the conclusion that an adverse event occurred on a specific case. All nurses and physician reviewers did attend consistent training. It was of note that although the three institutions had significantly different rates of adverse events, they had similar yields of adverse events for triggers and similar inter-rater agreement rates. Third, although we had cases reviewed over 3 years and three sites, sample sizes were insufficient to detect changes in types of adverse events. Fourth, although the GTT process detected a high rate of adverse events, the process required a high level of reviewer resource. Owing to the expense involved, we were limited from further collection. Finally, our study is also subject to the potential bias associated with retrospective chart review.
The GTT process shows promise of consistently identifying many adverse events that may currently go unreported. However, the current process is highly resource intensive and the identification of individual triggers appears inconsistent. With more information captured in electronic records and with bigger, more powerful computers, the time appears ripe for incorporating a trigger process into the hospital electronic environment. However, administrators, physicians and information technology professionals should be sobered by the low yields observed for many of the triggers. Too many false positives in automated systems will result in unnecessary distractions, extra costs and work-arounds to override what providers may believe are superfluous warnings.
Conclusions
With adequate training, standardized processes and collaboration between reviewers, it appears using a trigger methodology can provide a fairly reliable assessment on the occurrence of adverse events among hospitalized patients. However, we found it to be very resource intensive. Automating the process of identifying individual triggers would allow a greater number of records to be screened for possible adverse events. Focusing review on triggers more predictive of an adverse event would be a better use of resources and has a greater potential of improving care delivery and patient safety.
